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Executive
Summary ITHE EFFECT OF INTERNET USE

ON THE NATION'S TELEPHONE
NETWORK

The explosive growth of the Internet and online services has generated considerable
public discussion about the need for our national communications infrastructure to adapt to

emerging technology so that consumers will have affordable access to new interactive
services and technologies as they ~merge.

At issue is how best to accommodate increased data traffic on local pubiic networks.
Before identirying the illOst lppropriate ~ransrnission technologies and deployme~t plans, it
is critical :0 conduct an objective :lSsessmem or chec:.lrrent :51tuation.includinf,7 the impact
that :he:urrent ~evel of ~nternet 1I1dJtheI" 'Jnline ser::ce :I"affic :s lctually ~1aving IJn ~he

:eleuhone :1etwork.

[n :naking that 1Ssessment. this Stuay concludes:

Data communications traffic ;Joses 110 sigmfic:lI1t threat to lletwork integrity at the
'Jresent :Ime.

The increase :n data ·.:ommunic::Hions :r:lif:.c ~1as 'Jrcduced ldditional ~evenues :'or
;:he local exchange carriers that :'ar ~xceed :helf .:osts in accommodating chat
traffic.

• The long-term. solution for accommodating increased ~ata traffic lies in the
stimulati~n of competition and :n the deployment of appropriate iata-friendly
network technologies, and no! in :be imposition 'of per-mirtute"'access charges" for
use of .the current voice-oriented circuit-switched network.

Several Bell Operating Companies (BOCs) nave recently claimed that the growth of
data traffic, mainly calls to Internet Service Providers rISPs) and other Enhanced Service
Providers (ESPs), is clogging the public switched :elephone network (PSTN) and is causing
service to the public at large to deteriorate. To support these claims, the BOCs and
Bellcore, have released studies that purpOrt to quantify the costs and other impacts of
ISPIESP traffic. These studies, however, are not ,:omprehensive assessments of the impact
of data traffic on local telephone networks. Rather. they :eiy on anecdotal evidenre drawn

'/
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from a few unrepresentative central offices, along with some theoretical claims. An
examination of these studies reveals that the BOCs' congestion claims are overstated and
their assertions that they are inadequately compensated for data traffic 19nore substantial
revenues attributable to such traffic.

,
Data communications traffic currently poses no significant threat to network integrity.

The Study concludes that the Public Switched Telephone Network (PSTN) is capable of
accommodating the increasing volume of data communications. including Internet traffic, in
~he near term. The very few congestion problems that have been identified as affecting the
~elephone network can be ~asily corrected. Yforeover, the study finds that. on average.
Internet users do not impose disproportionate costs on local phone networks. Thus. any
predictions that Internet traffic will soon result in a "meltdown" of ~he network lre greatly
~xagger:lted.

The specific areas of congestion identified in :he Bee studies are not ;-epresentative of
the nation' s- 23,686·central.·office· switches•. ~J:"e vast majority vI which do not carry
much data :oInmunications t.raffic. In :"act. the 3Ce studies focus Jnly on :.l handful
of centralJ!fices and switching ~ntities . 1':7' :har serve ISPs. This study does not
suggest that the specifi.c problems that [he BeC stuaies have identified should :-lot be
'lddressed. Jut that :t is wrong co characterize these :::.d i7.0C problems JS systemic.

·.

•

•

The ~ew PST:"J congestion ;Jroblems that have bee:'! :dentified :an be easily corrected.
The ::lpec:ric congestion problems identified JV :he BOe studies are primanly
:mnbuwbie :0 inadequate planning mdJor :nef5.cieiH engineering. lnd in my event can
De easily lddressed Jond ~esolvea jy lvallable ~ei"::celnd equipment conrigurations
·,yith :ittle -iirficuity or:ost.

Any congestion or other problems in the Inter:1et itself. or in J. panicular ISP's network
configuration, pose no cause for concern by :he 30C5, since these problems do not
signiticantlyaffect users of the PSTN. -

The BOCs' own recent efforts- to enter the market as ISPslESPsundermine their
argumeriCthatdara traffic threatens the PS"Dl asa whole. If increases in ·on"line
service traffic posed a significant threat to their ;letworks, the BOCs would not be
exacerbating the "problem" by offering unlimited Internet access for a flat rate.

The Internet produces net economic gains for local exchange carriers.

The growth of Internet and online service ?roviders has generated significant new
revenue streams for local exchange carriers. At the same time, because the heaviest Internet

VI
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traffic is at non-peak times for the PSTN, this traffic is actually lowering the local
telephone companies' per-minute cost of providing service by utilizing capacity that would
otherwise lie idle. The Study finds that the Bell companies did not consider these
significant economic benefits when they claimed that their infrastructure investments for
managing increased data communications traffic are uncompensated. The Study concludes
that the recent increase in data communications traffic has generated revenues for local
exchange carriers that exceed by a factor of six the incremental costs they incur to carry
this traffic.

• Internet users already pay for the local phone services they receive. There is no "free
ride" for ISPslESPs and their users underUie present local rate treatment; local calls
placed to ISPslESPs are paid for by the calling party and are revenue-producing to the
BOC. BOCs receive substantial revenues from users through monthly charges for
additional access lines and ISDN lines, and through "lsage-sensitive fees. as well as
from the ISPslESPs themselves for the var:ous basic md vemcal services and features
that they use. This study concludes that. Jationally :'tom 1990 through 1995, the local
exchange carriers have collec:ed :nore ~han .53 ..5-oi11ion :n :-evenues :'rom 'ldditional
residential access lines for· subscribers who use them solely or primarily for calling
ESPs/1SPs.

In 1995 Jlone. some 6-million :-esidential subscriber lines were used ~xclusively or
?rimarily for online :1ccess. Tmal :lationwide) revenues from J.dditional residential
access lines whose installation ~.vas1riven JV :ne subscnber' s use ·Jf on-line services
;eached .5 i .-+-0i11ion in [hat year.

CJrnoared with :he Beilcore study =stirnare -hat ;'emforc:ng :he ?ST);" 'vill:ost some
S35-:nillion ?er :-rear ?e:- BeC for J. :or3J -;! S2..l:-!TIlllion. :lanonaily), additional
::-esidential lccess line .sales stimulated 'JY :he '~rO\\irh of on-line services ~enerated

revenues that ~xceed this iigure by 1 factor J! six.

The Solution: More Data-Friendly ~etworks

The StUdy concludes that the growth of the Internet and other on-line services does not
present any immediate congestion or revenue problem for the existing telephone networks.
At the same time, it should also be clear that the existing PSTN presents formidable
technical impediments to the future growth and development of these new services.
Continued reliance upon circuit-switched technology is Jot a satisfactory solution to the
needs of ISPs, ESPs and their customers. The long-tenn solution for accommodating
increased data traffic lies in the stimulation of .::ompetition and in the deployment of
appropriate data-friendly network technologies, and not in the imposition of access charges
for use of the current voice-oriented circuit-switched PSN.

'Ill
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The Effect of Internet Use on the Nation's Telephone Network

Congestion internal to the Internet or to ESP Networks does not significantly impact
the Public Switched Telephone Network

Local Telephone Networtc and On-llnejlnternet service
Principal PSTN and ESP Elements

::SP

ESP User

~El.ments

3

a
7 "v"",,"

1-__~r:-:l .. ~rMt :~\I ESP n Private 0at8:
"'-,..--'" '. Network •

I --. ..
I .......~....

A?STNi
! ':: i :'-

,. SSP 'Jser's subscriber line to end office
2. ~nd office (claSS :i switch) servinq ESP user
3. interoffice trunKs
4. Local tandem switch
5. End office (class :i switchl serving ESP
S. ESP business lines or trunks to end office
i. ESP hardware and software
3. ;ntemet or private network (backbone. routers, sottw.re, 38l'\'8f'S, ate.)

. This diagram depicts a simplified version of the ~ocal telephone network. The public
switcheo network itself consists of Elements 1 :hrougiJ. 6. In considering BOC claims, it is
particularly important to bear in mind that any problems associated with lines to a particular
ESP (Element 6); a particular on-line service provider's internal hardware or software
(Element 7); or the Internet or other data network (Element 8), have no significant impact
upon users of the local telephone network.

viii
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1 IINTRoDucnoN

Recent studies issued by four of the Bell Operating Companies (BOCs) and by
Bellcore 1 have sought to create the impression. both J.Illong industry professionals and the
general public. that the explosive growth of the Internet and other on-line services threatens
the integrity of the nation's public switched telephone network (PSTN) - and in particular
that ;Jortion of ~he PSTN that is owned md managed by the incumbent :ocal exchange
carriers (!LECs), These studies purport :0 demonstrate .tba.t data traffic on the ?SDI is
eying up the rr...ECs' central office switches. :eading to delays in delivering dial tone for
other users of the ,uerwork. The ,studies further :mply that given the massive JIIlount of data
craffic they lre being forced rohandle, the 3CC3::ll1 only ?revent 3. collapse of the public
network by undertaking costly new investments :0 reinr'orce :md expand the existing, circult
5witched infrastructure.: for which. they allege. they will receive ZlO compensatory
revenues.

Bee :-hetoric on this subject is exemplified jy the :.-ecent :;tatement by Philip J.
Quigley. the Chairman md CEO of Pacinc -=-~iesls. who claimed in :1 speech this past
October that the dr::tmatic growth of on-;ine lc::vity :mposes ;arge:osts)n Pacific Beil ;n
terms ;)f :qUlpmem :me ;;ervice. md~ven :hre:uens .1 ":neltdown :n the ~locai telephone j

1. See "Repon of Bell Atlantic on Internet Traffic" !Bell Atlanuc study) June 28. 1996: "Pacitic Bell ESP
Impact Study" \Pacific Bell study). JUly 2, 1996; L..-ner :'rom~ to James Schlichting, Chief. Compeutive
Pricing Division, FCC. dated July 10. 1996~ stuay): 'or; 5 West Communications ESP :-l'etwork Study 

. Final Resuits"(U S West Study). October 1, 19%: and .;nur. Atai. Ph.D.. and JamesGordon. Ph.D.• "Impacts of
Internet Traffic onLEC Networks and SwitcmngSystell1S" (Bellcore study), Red Bank. New Jersey, Bellcore.
1996.

2. In a "circuit-switched" network. an open "connection" is established between the calling and called party for
the entire duration of the call. whether or not any iniormanon (voice or data) is being transmitted at any panicular
moment. The alternative to circuit-switched connections :s ";Jacket switching," in which no permanent link is
established. out information is transponed via discrete ";>ackets" oi data from its source to its destination. Whereas
a circuit-switched architecture occupies resources for the juraaon of the connection. a "connectionless" packet·
switched (e.g.• Internet Protocol (IP) based) architecture ~:.lpies network resources only wilen actual data is being
sent. Hence. while the duration (elapsed time) of a ;:;ail :s 3. :naJor driver of the costs of a circuit-switched
connection, for a packet-switched :1etwork the principal :ost driver is '.!olume of data. irresoective of how much
time it takes for 3. panicular quantity of data to be urferea ;"or lr..nsoon over the network.
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Introduction

network.,,3 . The BOCs' proposed solution for, funding the needed expansions and
investments is to single out the on-line service providers themselves - Enhanced Service
Providers (ESPs) and Internet Service Providers (ISPst - who use the PSTN to receive
communications from their customers' homes and offices.s The BOCs argue that as the
causers of the growth in data traffic, the ESPslISPs should be required to pay the same per
minute "access charge,>6 that the interexchange carriers (rxes) are required to pay ll..ECs
when they connect end users with their long distance telephone networks.7

O~' its face, the notion that the cost causers should pay' for the costs they impose upon
local telephone networks is hard to dispute. At issue, however. are the factual under
pinnings of mis proposition: That users of the Internet and other on-line services are
somehow responsible for causing the Bell companies to incur costs disproportionately
higher tha.l other iocal telephone network users. and that Internet and on-line service users
do not cur:~ntly pay compensatory rates for the services and network demands that they
impose :Jpon che ?ST;-.I. As this study will demonstrate. neither of these claIms made by
lhe BOC" ;s valid.

Rather than~reSenL:l comprehensive assessmem of :he costs imposed by. .:md revenues
generated ftom. ISPIESP'lse of the pubiic network. :he BOC studies address :solated.
:argely mecdotal md, in Jny event. 'Jnrepresentative situations ~hat they seek to apply
inferentially to the public :;witched network 15 a "Nhcie. The 3ellcore study. in contrast.
presents :1 theoretIcal analysis of the potential impact ot increased traffic on ~he ?ST~, 15

well as a '1iscussion of :echnological alternatives to circuiHwltching. However. it does not
jemonstrate that its hypothetical results, or the underlying JSsumptions. accurately retlect
conditions in :he ILEC networks. Because Jane Jf :he :;tudies offers a comprehensive

, Quoted m ··?:J.cTel CEO Wants Higher Net Charges.' San ,::ranc:sco Examiner. Octooer J.. [996. :lt D1.

.1 These terms. :lnd others. JI'e used to describe entities that Jrfer )n-:ine computer-based services to end users
'!ia teiecommunicauons connectivity. For purposes of this report. :'1e:erms Enhanced Services Provider (ESP).
Internet Service Provider (ISP). information service provider. :rnd on-line servlceprovider JI'e used synonymously
and interchangeably.

5.C~rTendy.most l.ow.-volu~~)nternet ~d on-line service users access their pro~iders by meansof ordinary
analog voice-type calls placed over the local telephone netWork. The calls are received at a "modem bank" located
at the ISP's premises. where the signals are converted to digital form. and are then packetized and/or multiplexed
for transmission to the provider's data network: and Internet gateway. From the perspective of the local telephone
network:. such calls are indistinguishable from ordinary voice telephone traffic.

6. See. e.g.. U S West study at ~; Bell Atlantic study Jt 17: :rnd ?acific Telesis study cover letter.

I. The rules governing federally-tariffed access arrangements are set out in Part 69 of the FCCs Rules (47 CFR
§ 69). On-line services have been considered end users and :nus :lIe not required to obtain access using these
arrangements. On-line service providers. like all other end users. obtam servIce using state-tariffed business lines.
See MTS and \VATS Market Structure. Ylemorandum Opinion md Crder, 97 FCC ::d 682 (1983), at para 83 .
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Introduction

examination of the actual impact of Internet and other data communications use on the
public network, they do not support the conclusion that Internet users impose
disproportionate costs on the PSTN. Rather, ESP usage patterns, and any costs they impose
on the network, are indistinguishable from those of a number of other PSTN applications.
Moreover, because all of these studies ignore most of the revenue that Internet and other
data communications currently generate for the ILECs, they lend no credence to the claims
that such use represents an uncompensated fmancial drain on ILEC resources. As we
demonstrate here,IJ:1ternet and other data communications service providers do not impose
costs on the PSTN that differ in any material respect from those imposed by many other
large end users. Moreover, while Internet and other data communications providers are not
subject to interstate access charge treatment. they currently pay. pursuant to state tariffs,
rates that 1fe fully compensatory for the services :hat they use. Finally, ESP customers
provide a source at ~nonnous revenues entirely overlooked by the BOCs in their studies.

This repon will ':ritical1y~xamine the ?osinon .ldvanced aythe various BOC and
Belkore studies, and offer a more objective perspective on the vanous concerns that have
been raised. This Study's findings 1fe summarized below:

Data communications traffic ?oses no significant threat to network integrity at
the present time. The BOC and Bellcore stucies ?resent :1 distorted pIcture of ,he
J.ctual :mpact ()f data communic::nions trmc 0Jy limiting their examinations of the
"?roblerr" solely :0 certain central offices md switching entities [hat happen :0

serve ESL:, and even then by lSsuming incorrectly) that ESPs in 111 cases 1fe
served in :he :east ~fficient :nanner. :'rom 1 J.etwork ~ngineering standpOint. In
fact. data communications traffic~ ~ncluQing ~ternet 'lse 0V Individual :-esident:al.. '.' - ..
subscrioers. is jissipated throughout :he :ublic Jetwork md ,ioes nOt :onstitute 1

;ignific:mt ?roportionjf traffic lt :he lverwneiming :najority of :he nation' s
23.686 central office :)wltches. In 1ddinon. 15 :he BeCs' ,)wn studies confirm.
:nuch of this traffic occurs during off-peak ;Jer:ods md thereby uses capacity that
,..,ould otherwise lie idle.

• The· ROC studies overestimate the costs data traffic imposes .on their
networks, and overlook the fact that the increase in data communications

. traffic .. has· produced additional revenues that far exceed the costs of
accommodating that traffic. This Study ioes not suggest that the specific
problems identified in the BOC studies should not be addressed. However, it
concludes that the severity of such problems has been overblown. The switch
congestion problems that the studies have identified arise because some high-use
ESP lines are routed through switch components that are designed to handle
primarily low-use individual residential and small business access line customers.
However. accordilllz to the Bell Atlantic studv, for example, about half of all ESP- '.
lines in its territory are contigured so 15 :0 bypass these switch components,

3
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Introduction

thereby eliminating dial tone contention and other switch congestion problems.8

Many other types of high-use lines, such as PBX trunks, are routinely configured
for similar "trunk side" connection to the central office switch, for the same
reason. Moreover, the BOCs assert that data usage of the PSTN is uncompensated.
As this Study will demonstrate, this is clearly untrue. The growth of Internet and
other on-line services has stimulated considerable demand for additional residential
and business access lines - services that the BOCs themselves are actively
marketing, and which they concede are highly profitable. Indeed, this Study's
conservative analysis of the revenues generated by additional residential lines used
primarily for ESP access indicates that such revenues exceed even the BOC
studies' own inHated estimate of the costs they incur from data traffic.

• The long-term solution flo ~ accommodating increased data traffic lies in the
stimulation of competition and the deployment of appropriate data-friendly
network technojogies. The imposition of per·minute "access charges" for the
use of the current circuit-switched network is not the "solution" to any
''problem'' that may exist. Rather than attempt to de:l1 directly with the specific
issues that ilieirstudies have,identified, the Bees oner :nstead as their.s,?lution the
impositlca of duration-based access :harges at the ESP erid. of ,he data
.:ommunications call. The BOCs hold that "_"le ;moosition of a duration-based
access charge will somehow relieve :he :rafL: :ongestion problems at offices [hat
serve ESPs. However. there is no ',vay :0 er:sure ,hat revenues generated from J

hypothetical access char6" ',vould JeJsed :0 lOvest in a network that ..;an
accommodate data traffic, :Y10reover. Bee construction of and investment ~n such
:1 :1etwork should not require access .::harges It lll. In J. competitive market. firms
finance ~nvestments through debt or ~qUllY. :ased upon ,he lnticipation 'J! future
:-evenues generated Jy :lew ,Jr :mproved 3er/:::es. Only in situations of :nonopoly
could 1 5rm generate investment funds through :ncreases in prices for services
presently offered. In ~·act. '.mless their ~ffe~: :s :0 literally put the ESPs out of
business, the presence of access charges "NW do nothing to address the poor
planning and inadequate engineering that ~ ,he actual sources of the limited
congestion problems that exist. The BOC solution applies a punishment without J.

cure, and will serve only to stunt the growth 'Jf on-line services and enhance the
competitiveness of the BOCs' own Internet service offerings at the expense ofn,on
affiliated ISPs. The proper solution for accommodating data traffic is to encourage
the development of competition at the local le';el, enabling new entrants to provide
services designed to handle high-speed data :raif'ic efficiently.

3. Bell Atlantic study ;:u 15.
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21 NETWORK AND SWITCH
ARCHITECTURE

The modern local exchange telephone switching architecture can
readily accommodate the limited cases of high-use ISP/ESP activity
cited by the BOC studies.

In order to evaluate the actual Llature md extent or ;Jroblems that the BOCs claim to be
caused by the usage of the P':;TN for data traffic, it is necessary to understand the basIc
architecture of :he modern [('leal exchange switcilllg )ystem. In thi.s section. we describe
me switching -infrastructure typical of local" txciange networks, highlighting ~specially

points of?otential congestion in ~he various :1erwork .:omponents.

?igure 1 provides m overview of :he ;ocai :ele;-hone Jetwork. ESPs:md other :;nd
users access the ?ublic n.etwork via subscr"~er jnes ~hat connect their ,especrive premises
with the LEC central office that serves the ~.lbscriber' s 3eographic 1I'ea.) In :nost cases.
there is only one "serving central office" asscc:arec 'Nith :my given customer premises
location.;o" The serving central office 'also known 15 ln "~nd office" or "Cass 5 switch'"
is Interconnected :0 the :-emamder of :he :ocal ::ubi:c :1etwork '!ia :nrero/ficf! .-runks ,nat
directly ~ink cwo ~nd offices or that jnk ::m ~nd :;r"ficevith .lI1 intermediate switc.L:ing pomt
known as J. "~ocal tandem switch." Generally, "vr:en 1 hign 'Jolume Jf traffic ~etween two
end offices is present. direct end-office-m-end-orf:ce :runking is provided; ror lower volume
routes md for alternate routing when the high--.;oiume direct trunks are in use, interoffice
routing is provided via the tandem. Because large metropolitan areas are usually served by
many "individual" end offices, J. substantial fraction of J1l local calls will typically involve
either :l direct or 3. tandem-routed interoffice connection. If the calling and called parties

9, One or more central office switching entities are located in :l building often described as a "wire center"
because of its function as a point of concentration of 5ubscnoer lines from all pans of the geographic area that it
serves. together with lines interconnecting the building With other LEe wire centers and With long distance
(interexchange) carners.

10. The incumbent local telephone companies employ a hIerarchical architecture that in most cases provides only
a single point of connectivity between a subscnber :rnd the ?STN. Other !ocal service providers. such as CAPs.
often utilize a "ring" type of architeC:-Jre in which individuat .:usromer ?femises are provided with Jt least tWO

separate ways to reach the network.
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Local Telephone Network and On-llne/lnternet service

PrtnclPII' PSTJIfand ESP EJements

! 3

3

PSTN ESP

8

~Elem.ms

1. :SP User's subscriber line to end office
2. End offlce (c.... ~ swttc:h) serving ESP UHr
3. interotftce trunks
4. Local tanaem ",wltcn
5. and office (class 5 sWltcn\ serving ESP
o. :SP ':)uslness lines or trunks to .na office
7. ESP hardware and software
a. !ntemet or private network (backbol'Ml, routers, software, servers. etc.)

Figure 1. A slmplified aiagram of 1 typicai 10CJl excjange network. highlighting :he pam
:)f :l :::111 from .lI1 2SP 'Jser :0 the Internet or other on-jne service.

happen both to be served by the same end office, ~~e call can be completed on :in intra
office basis, requiring fewer network resources than for JIl interoffice call.

Because an ESPIISP using JIl JIlalog connection is simply JIlother end user, a call
pl:l,Ged by an end u~er.to the ESP via the current network infrastructure will be routed
across the public network in an manner that is :ndistinguishable from any other local call.
Since the ESPIISP will typically subscribe for a block of individual lines configured in a so
called "hunt group"l! served out of a single central office, traffic that originates anywhere

11. A hunt group concentrates :alls from multiple custOmers onto a group of lines. In a line hunting
arrangement. calls are dialed to a single "listed directory numoer" !LDN) or "base number." and will be physically
routed by the terminating central office to the first available :lon-busy line in the group. This type of arrangement
is quite common. and may be used whenever a customer hilS :nore than one exchange access line. Generally, the

(continued... ;
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Network and Switch A.rchitecture

within the' local network. will tend to concentrate at the point of termination - the central
office that serves the ESPIISP. 12 Any congestion that may occur is therefore most likely
to occur at that terminating central office.

Based on the simplified rendering of the local telephone network architecture presented
in Figure I, there are several specific points where blockage might occur between an end
user and the Internet or other data network. The BOes have referred to some or all of
these as points of potelltial or actual blocking -' that is, congestion .created by the growth
of data traffic. In considering potential data network blocking problems in the context of
the PSTN. however, one must distinguish between congestion points that might affect other
users of the PSTN from those that are specific to a single ESPIISP or to the Internet, and
that are unrelated to the local ~xchange network.

The originating switch of the ESP user, interoffice trunks, tandem sWltcnes, and the
ter.n.inating switch of the ISP :the nerwork elements ~abelled 2, 3, 4, and 5 in the diagram)
represent the PSTX Congestion:it any of those ~oints .night ?otentially arlee: the J.bility
of other callers to get diai tOne lIld ~ake lIld receive telephone cails. Each of these will be
.examined. in greater detail below. Usage of (he .jistribution segment between the ~SP
customer lnd its serving central office tthe ~iement ;aiJelled } :n Figure ;, has :10 impact on
..lI1y :.lser Jr' 'he ?ST~. except for :he ESP customer. The dement labelled 6. thar is, the
link oetween the ESP :md its serving end office :s Jiso distinct :'rom orher network ~jements

in :hat:ongestion here will generally Ese jnJy ·.vhere :he ISP r'ls failed to order J.

sufficient quantity of lines r'or the number of customers it has in a giverr locality. This type
or congestion wi.l1.not typically affect other 'JsersJr' :he PSN, unless :hey attempt to call
the ::::'SP.3 Elements 7 J.nd 8 involve :1araware md;orrware internal :0 the '::SPmd 'raffie

i i. ' ... .;ommued)
number or' lines required for a particular ,;uSlOmer .viii Jeoend :;eavily upon :he total "loiume or' traffic that :he
~ntJre group or' lines is intended to carry. Such groups are :YPlcaily~ngineen..J on the basis of the number or' calls
blocked per lOO· attempts, sometimes referred to as the "pade ){ service" for the line or trunk contiguration.
Holding "grade of service" (e.g.• the probability of 1 JUsy Signal per 100 attempts ("P,Ol")) constant, the larger the
group (number of lines l. the higher WIll be the peak utilizauon ;>er :.ine in the group. For a discussion of the traffic
engineering propertiesofline hunting groups. see R.F. Rey. Technical Editor, Engineering and Operations in rhe

Bell System, .Second Edition. Murray Hill, NJ. AT&T Bell Laboratories. 1983. Chapter 5. and Mischa Schwartz,
Telecommunication Networks. Reading, MA. Addison-Wesley, [987. Chapter 10.

12. The BOC/Bellcore ESPIISP impact swdies limited their ~xaminations and measurement solely to the
particular end offices that serve ESPs. thereby obtaining a "·.vorst ~ase" picture of the relative impact of ESPIISP
traffic. For other end offices that do not serve ESPs/ISPs (which '.vere excluded from the BOC'Bellcore studies),
the data ponion of total traffic handled by the end office wiil in the vast majority of cases be de minimis,

13. This is particularly so where a common channel signalling JrChitecwre. such as Common Channel Signalling
System 7 (S57). is present. as it is in most (soon to be all) ILEC :letWOrKs and end office switches. When a call is
placed in an SS7 network. the status of the caned number !i.e.. busy or dIe) is detennined before the routing or'the

(continued... j
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and infrastructure internal to the data network. Any congestion at these points is clearly
separate from the local exchange network, and any indirect costs that such congestion
might impose on the PSTN are minimal or nonexistent.

Blockage-'problems that could impact the PSTN can therefore occur at. only three
network points (Elements 2, 3 and 5). If sufficient numbers of ISP customers (represented
by A) are served by a single end' office switch (Element 2), all paths through the switch
could be blocked by their calls to the ISP, preventing any additional users (represented by
B) from placing or receiving calls. In general, interoffice trunks (Element 3) are
provisioned in such a way that several paths exist between my two central offices (directly
and via a tandem switch (Element 4) in the example), and blocking problems should not
occur. That is, any customer that can place a call at the originating switch will have an
interoffice trunk available that can establish a route :0 the desired terminating switch of :le
call. However. it is conceivable that all paths between twO central offices, or between :l
tandem switch and an end office, might be in use with no alternatives .lvailable in rare C:lses
when interoffice trunks ..rre '.mderprovisioned or where a sudden or unanticipated increase in
traffic volume occurs. 14 Finally. the switch ~hat :enninafes calls to J'l ISP iElement 5'1
might alsooe. blocked. by GaHs to the ISP,A sufficiently larg,e number of calls passing
through the 3witch :.md [erminating on standard analog :ines can ':::luse :>lockmg Gn the
switch. preventing 2~srorners .lt C from placing mQ :-ece:ving ,:alls.

. ~. ' ...continued)
.:all :s ,>et Jp. :f it is determined :hat the :ailed lumber is In use 'e.; .. :ecause the ISP did :lOt order J suffic:ent
lumber or lines I. the ':ailing party receives 1 ousv slgnal-seneratea ?v :tle orilSinatinf! end oifice. md no use or
:merortice network ,esources IS required. ?rior to the deployment ,of :ammon :hanneJ Signalling, the status or the
::likd :lumber :ouid "at oe determined 'Jnnl the ::l.il itself had been set lD. Thus. ',vhereas In the past :l customer" s
,aJiure :0 provlce adequate c:lpac:ty ,:ouid ""acK 'lO" :mo :ne puolic :-:e!work. chis wii) :Jot be 'he:ase :n :nodern
SS7-based infrastructures.

i4. ILECs may, on occasion. encounter an unanucipated increase in interoffice usage over certain routes. either
m the form of a short-lived spike or 1 permanent change in the Jverail '!olume of traffic. Neither of these con
Jitions are unique .to ISPfESPservices, .lIld may :uise with respect to any number of end user appiic;1tions. As
noted in footnote 13 supra. the ubiquitous presence of SS7 works to mmimIze the operational impact of temporary
spikes. permitting calli that cannot be completed (due to trunk congestion) to be blocked at the originating SWitch.
In cases of a permanent increase in traffic volumes. the additional revenues resulting from the increased usage as
well as increased demand for additional residential access lines 'NtH typically be more than sufficient to defray the
costs that the ll.ECmight incur in expanding interoffice capacitY. :\fast :ocal usage charges fall in the range of 2
to 3 cents per minute both for measured and tlat-rale service. to the extent that flat-rate charges are set based upon
average usage characteristics. whereas the proxy costs for local interoffice switching md transport. as identified in
the FCC's Interconnection Order I in CC Docket 96-98. amount :o:Jetween 0.4 and 1.05 cents per minute
(consisting of a 0.2 to 0.4 cent local switching component Jl each ~nd. plus a 0.15 cent tandem switching
component (in the small fraction of cases where tandem switching is reqUIred). and less than 0.10 cents for local
transport. where required). As these proxy costs were developed :or average traffic conditions. the figures above
will tend to overstate the actual costs of Internet ':alls, given that the majority of Internet usage takes place during
off-peak. late evening hours. See First Interconnection Order, CC Docket 96-98. at pam. 3::2. footnotes 1949 and
1959. and para. 324.
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As will be discussed in sections 3 and 4 below, although PSTN congestion can poten
tially occur at each of these three points in the public network, the BOes' studies cite
examples of ISP-related congestion at only a single point on the network - the switch that
terminates calls to the ISP (Element 5).

A closer examination of the components of a typical Class 5 switch
helps clarify how the switch operates, and identifi~s the limited
portions of ttie switch architecture in which blocking 'can occur.

Figures 1. and 3 present detailed diagrams of the principal components of a modem
digital electronic central office switch. Low-use subscriber lines are terminated :1t "line
ports" on the Line Concentration Module (LCM) which permits a relatively large number of
individual lines to share 1 smaller group of paths through the switching matrix.

A central Jffice switch typically serves abom ':0.000 subsc:iber lines. requirillg up to

32 LevIs. 'iery large urban central office switches :nay contain as many 1S 15f1 LC~Is. is

In the Nortel DMS-iOO, up to 640 lines can be terminated in each LC~f :o)hare up to 180
?aths. Pm J.nother 'Nay. J maximum of 180 ,'JutJ! the 640 lines can ae :n 'lse at lny ?oim
:n time: the 181 st subscriber will :lot :-eceive dial tone until one or' the orher 180 subscribers
has hung up, md calls placed to the i8Ist subsc:1ber ':when all ~80 pams :.ll"e :n use) '.vill
:-eceive l fast busy l "reorder") rone. In its standard conriguration, the .-\T&T ! now Lucent
-:"echnologies) 5ESS can lccommodate up to :1 ma..x.imum of 51:: subscriber lines shanng up
:0 S4 ports, llthough with somewhat less :lexibility :han under :he "JMS-IOO archltec
:ure.: 6 -:"hese subscriber lines terrmnate .:It the =-.ine Unit iLL'") of the 5ESS switch. which
.Jeriorms .1 concentratlon :unction malogous :0 thar of the LevI of :he JMS-lOO.

If 'he :.lsage charactenstics of :he :ines :emunating J.t :1 .Jarticuiar =-'Cvl 1fe such that
more than 180 would be off-hook during the peak period for the group. there :.ll"e several
~ngineering choices available to the local telephone company. The company can attempt to

balance the traffic .:lcross the various LC~ls :n the switch by intermixing subscriber iines
'. -, 'with non-coincideiztpeaking characteristics.. For ~xa.rnple, by mixing business lines that

make few calls during the evening with residential lines that make few calls during the day.
a smaller number of lines in the LCM will be -::oncurrently competing for the limited
number of paths. Alternatively, the telephone company can reduce the number of lines that

15. While even larger central office facilities are technically feasible. the sheer size of che switching equipment
required makes them impractlcal in nearly all situations.

16. AT&T, 5ESS Switch: The Premier Solution. Injorrrulrion Guide. AT&T Network Systems, 19P. at :0.
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it tenninates on an individual LCM, such that up to half of the total lines in the LCM can
be off-hook, rather than only about 1/4th of them in the fully loaded configuration.

l7

ESP/ISP Customer (Orfgtn8lfng) Side
NORTEL DMS 100

Class 5 Switch
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ConcetltraUon
Module (~CMh

Un. Group 3wttch
Controller Mmtx
(lGC)

~n.lnk

~I ; I
I I
I '

i I
!--'-
--01
.~

, i

; i
; !


I ;:

2 to 6 os :as :xo-nclllCl Sul:l8cnber
:up to • 80 OS O's) ~mer MOCIute (ESM • A)

"Plaln Old D~--':-
TelephOne service" i. : 'I !

, ('POTS);!: I !
_....~> " :~"'-- j'j.,.-j.~'-;', t' ,~ 3.8:12-

====;:i::: ~ __
! -3AIISON i: I ~:

--H I ions! I
j _' I

II ,,--,'I,' RI"" ,i~ -Olai--"
i~ L-..;

1

Sul:lscnber Une
Cerrler

(SLC98)
lSLlne. ~

!
I
I
<.
\
I

S40
~; Una

Ring, ,---:-eo-DI*--'Fl'"':'"be-'-

;e.n.rvi 2 T·"s (2:1.)
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Figure 2. A diagram of the components of a Nortei DMS-1OO switch servmg an ESP
customer (Element 2 of Figure 1).

17. Reducing the number of lines terminating at an LCM - or "ieioading" the LCM - will result in some
increase in the average cost per actual line termination, since :be fixed. cost of the LCM itself (a cabinet with
associated wiring md power supply) will have to be spread across fewer lines. Thus, if the Levi is fully loaded.
then its common equipment COSt can be divided up among 640 suOscnber lines: if only 320 lines are terminated. the
per-line LCM common equipment cost will be doubled. Other :;osts ',:la1 vary on a per-line basis. such as plUg-1O
line tennination ;;ards. are not affected by the number of such ;;ards :nar ?Opulate a panicular LCM.
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The cost of operating the PSTN and many of its components is sensitive to the peak
demand placed on each network resource and'to the relationship between that peak demand
and the aggregate capacity of the individual network components. Off-peak use - and
even significant growth thereof - does not materially impact network capacity or operating
costs. IS Moreover, certain network components are designed with substantially more
capacity than is required even at peak periods, and are 'for most practical purposes non
blocking even at peak times. These include fiber optic interoffice cables and associated
digital carrier systems and central 'office switching capacity. Because of t.he high fixed
costs associated with their initial placement, fiber optic cables typically contain numerous
individual "strands," only some of which are "lit" - i.e., equipped with electronics 
when the cable is initially deployed. Additional traffic capacity can be readily lugmented
either by installing additional electronics on working ("lit") strands, or by equipping "dark"
strands with electronic terminating gear. Switching systems similarly have high tixed
processor costs. but the processor can typically handle substantially more traffic than is
nonnally required by typical line/trunk configurations. "Non-blocking" switch elements are
provisioned :)n 1 one-to-one basis. so the capacity of the switch is not constrained by cheir
use. Thus. even w'hen ~raffic loads increase to a point where additional peak-hour capacity
:nust be provided. the incremental cost of this capacny will ~pically be far less than simply
a :Jroponionate ~xpansion ·Jf :he preexisting peak-hour capacity cost.: 9 ~on-blocking

architectures lfe panicularly common in modern Jigi(ai central 'Jffice :5witches. such as the
~ortel DMS-IOO. 2o

1S, One notable ~xceptlOn ~o thIS :ute is the rransacuon cost 1Ssoc:ated with :lsing measurement md Gail detail
'-lccounting for clllling ;Jurposes. whose costs are generally ;ensltive :0 rota! c::uling voiumes rather than to peak-load
~onaitlons. ~umerous studies :rnd reguiatOry deCIsions :1ave ,'ound 'nat the magnimde or such transactlon costs
~xceeds ~he ~conomlC ;ams Jnriburabie :0 measured-use ~nc:ng :1' :ocal cailing - :Jamc:.Jiariy where such :.Jse ,s
:leaviiy1r ;:lrimaniy luring vrf-oeak: ?enods - the ~ase ['or 'TIOSt ~eSldentiaj suoscnbers. ;ee. tor examole. ~oJla

Edward ?ark ,lOd 3ndger \1..\1irchell. Optimal Peak-Laaa PnCing /or iocal -;"eiephone CJils, Santa \'fomc:l.
CJ.lifomia: The Rand CQrporation. Publication number R-3404-i-KC. ~larch. 1987: and William Taylor. GeneTIc
Costing and Pricing Problems in the New Network: How Should Costs be Defined and. Assessed? presented at the
Twentieth A.nnual Williamsburg Conference. Institute ,)f ?ublic Utilities. Graduate School of Business

,Administration. Michigan State University, December 5~i. 1988. Jt i'p. 10-11. See. also. Michigan PSC, In the
marter oj the appiicatioh of ,l1ich,'~an BeilTelephone Company:or Juthority :o~evise:ts SChedule of rates and.
charges. Case No. U-70173. April 26. 1984; and Delaware PSC. in the matter ol!heproposed'Cl1nonization of the
Diamond State Telephone Company's Straight-Line Depreciation Reserve.... Qrder No. 3216, 120 P,D,RAth 12l.
November 2. 1990.

19, That is. the incremental cost of increasing the busy-hour ,;;apacity of a switch by 10% from, say, 100.000
calls ro 110.000 calls. will be well below 10% of the capital cost:)f the original (lOO.OOO-call) capacity,

20. Figures 2 and 3 present schematic diagrams of the components of a Norte] DMS-IOO Switch. Figure::
shows various methods by which residential lines tenninate at the switch. As the figure makes clear, unless a
subscriber is served by a Subscriber Line Carrier (SLC-96). analog SUbscriber lines and BRI ISDN lines both
terminate In the Line Concentration Module (LCM). ·.vhich connects all incoming lines (uP to 640) with up to [80
~utgoing trunks. As has been stated previously, the LC~ is the switch component where blocking is most likely to
oc:.:ur.
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Figure 3. A schematic diagram of J. Nortel DMS-IOO Switch that terminates calls to an ESP
(Element 5 of Figure 1), depicting three routes by which calls can be transported to the
ESP.
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ILEe tariffs often apply premium charges for, and thus deter use of, the
most efficient service configuration for high-use subscriber lines.

The purpose of the Line Concentration Module, as its name implies, is to perform a
concentration function. Ordinarily, it would not be economical to assign a dedicated switch
path to each subscriber line, because on average an individual subscriber line is in use for
only a small portion of the busy hour (that is, the hour in which the switch experiences its
heaviest usage). However, in some cases individual lines may be used very heavily,
perhaps for most of the full busy hour.:: I .. Lines that carry concentrations of traffic to
and/or from a larger community of end users, such as PBX trunks and ISPIESP access lines,
can sometimes be more efficiently served by bypassing the Line Concentration Module and
instead directly accessing a dedicated trunk port on the central office switch. Functionally,
this is the same type of trunk port that is shared by the larger number of lines connected to
the LCN! (see Figure 3), but avoids the line contention and potential congestion at - as
well as the plug-ins and common equipment costs of - the LCN! itself. If the ISP access
lines terminate directly in trunk ports, :he "dial ,one:ontention problem" is essentially
eliminated. since the ISP's lines are no longe:- :::ompeting ror [he same limited group or"
switch. oaths with ordinarY business and residentIal subscriber lines.i .. ' ~

30C tariffs. in fact, provide t'or such :runk :ermmations. LECs sometimes use T-1
lines :0 orovide service to a customer who orders .:l large number of access :ines. using a. - ~

channel bank to convert the ~-l into the equivale~t of :4 analog access lines. md chargmg
as if it were offering 24 standard voice business lines. This approach, which is essentially
transparent to the customer, IS represented )y O;:mon : in Egure 3, and is generally used
'vhen ,he LEC concludes that installing 24 :ndi':;dual 'Joice-grade ' DS-i)) jnes would 'Je

-~

less cific~ent :han providing 1 single .... _. :1c\vever. if :he subscriber ,::eslnng J. T- ~

: 1. The most common case in which this occurs IS WIth :;nvate jranch exchange (PBX) rrunKs. A PBX crunk
is a subscriber line that connects the central office with swItching eqUipment that is phySically located at the
customer's premises. to which a larger number of individual ?9X extensions may be connected. Because the PBX
trunks are used to concentrate traffic for a larger number of extenSions, their average use is much greater than for
ordinarY business lines. This reIlltionship has long been ~ecogmzed in lOcal telephone company tariffs - in

.jurisdicuons in whicn businesses may subscribe for ~·~at-rate·· serv~ce, .PBX trunks are priced as much as .:50% to
100% above theapplicablerate for an ordinary (non-PBX) jusiness access line to reflect the relatively greater
vdlume, if not necessarily the relative cost. of calis originated em the trunk. Since the total number of PBX trunks
that a customer will require is directly related to the customer's busy hour traffic load. the pricing of PBX trunks
- even in flat-rate jurisdictions - is more accurately de5C:lbed as a "demand-sensitive" price, where the total
charge to be paid by the customer is directly related to the concurrent peak demand (number of simultaneous calls)
that customer imposes upon the PSTN.

22. Typically, 24 voice-grade or DS-O lines will require the use of 24 individual subscriber loops, whereas a T-1
digital access line with a bandwidth of 1.544 mbps (equivalent to 24 - 64 kbps voice-grade digital channels)
requires only two subscriber loops. The trade-off here is additional !oops versus additional terminating equipment
at the subscriber premises and the central office. Where distances are short and/or where loop pairs are plentiful.

(continued... )
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trunk 'arrangement orders it directly, the ILEe's tariff often provides a very different rate
structure. Generally, the subscriber orders a DS-l (T-l) capacity (1.544 mbps) digital
channel providing 24 DS-O digital voice-grade 64 kbps channels, either over a tiber optic
cable or via two copper pairs. The subscriber pays the applicable rate for a DS-I local
channel (typically $150 to $300 per month). In addition, the subscriber pays for each DS-O
termination on the central office switch, often at the prevailing PBX trunk rate, and in some
cases may be subject to additional charges as well.
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Table 1. Comparison of BOC tariffs for standard lnalog voice'Susiness lines. digital trunk
groups. :md PRI ~SDN rthe ~quivalenr of :;4 :ines in ~ach case). Sources: )lncX New
York State :ntrastate Tariff. ?SC 900 Sec. ..1..=:.';6. ?SC 900 Sec. 21.J, pse 901 Sec.
2.C.~.b: PSC 901, Sec. c.:.J. ?acific Telesis CJlifcrrja Intrastate Tariff. CAL pec :'Jo.
A5. Sec. 5.3.6. Sec. 5.3.C...L Sec. 5.2.1: CAL pee ~o. A18. Sec. 18.2. Bell .-\tlamic ..
Maryland. Inc .. \Jlaryland Intrastate Tariff, P.S.c. -Md. ~o. 203, Sec. 6.c, Sec. 14; No. 202.
Sec. 2.C.2.a.(2); No. 203, Sec. 6.C. U S West Communications Oregon Intrastate Tariff,
Sec. 15.l.D.1, Sec. i5.l.D.:. Sec. 5.2.l.D.l, Sec. 14.3: PUC Oregon )10.25, Sec. 5.l.5.A.
24 SLC charges are included for PRI ISDN, .l1though :his charge is not universally applied.

Table 1 summarizes the state tariffs for California. ~ew York, Maryland, and Oregon
(Pacific Bell, NYNEX, Bell Atlantic, and U S V·lest, :-espectively), providing a comparison
of measured business rates (including hunt-group charges) and the cost of a digital trunk

22. (...continued)
the individual line solution may be selected: for longer iistanCes. ::.J1(i!or where pam are scarce. the Tool :lpproach
will be utilized.
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group arrangement. The precise combination of tariffed services that is required to put
together a digital trunk arrangement varies from state to state, and is not clearly defined in
most state tariffs, making comparisons difficult. In New York, for example, the NYNEX
tariff for its FlexPath Digital PBX service includes a charge of $533.06 for 24 ports, a
Digital Termination Facility (DTF) charge of $435.87, a charge for 24 measured PBX
trunks at $389.52, and a charge of $144 representing 24 Subscriber Line Charges ($6.00
each), for a combined total of $1,502.45, or $62.60 per voice-grade trunk':~3 Similarly, in
California, Pacific Bell's, tariffs would apply a high capacity (T-1) private line charge of. .

b~~een $150 and $350, a "Super-Trunk" tetmination charge of $211.48, a $10 trunk port
charge, and a 5144 subscriber line charge (24 lines at 56.00 each), for a combined total of
between 5515.48 and 5715.48.24 In all four states, however, the price comparison leads to
the same conclusion: A hunt group of 24 analog voice lines is priced between 22% and
65% less than the el. ~ivalent trunk-side connection. The economic rationale for this price
differential is difficuL to understand..~5 While the cost of a trunk group does :nclude the
cost of the software and hardware that connects it to its serving end office switch. the price
or a ,"tandard business line presumably covers analogous costs. Moreover, the price or a
business line :nust also include significantly 7Ilore in terms af distribution ?lant than a trunk

3TouP·

::3. See Table 1. su:-a. ~'or sources.

::..t. See Tabie t. supra. ,'or sources.

,<; In r"act. :he ?CC has ~ecently taken note or ,he iact:nat :ne costs JSsoc:ated with -:--1 ?Rl iPrimary ~ate

rnterfacej ISDN serl1ce 'wnicnc::Jnslsts of :~ vOIce-graae .oS" channels) is less ~nan 2.:1- tImes :he cost of .1 smgle
Jnalog subscnber :ine. See. A.ccess Ch.arge .VP.f?J1. CC :)ocket 96-262. released Decemoer :4. 1996. at para. -:0.
7he ~'oilowing ;;osc .jata ''''ere provIded. ',>,/nh :lverage :-::lCloscOmputea With md '.vlthou[ )/ThC:X. '.vhich :he
CommisSIon suggested may be an ouciier.

I Ratio of Costs of Standard AnaJog Service to PRI ISDN Service'"

I
Outside Plant (loop Outside Plant (loop IAlI NTS costs :All NTS costs
only) costs only) costs J(excluding NYNEX

(excluding I !data)
NYNEX) I

Ameritech 1:5.68 1:5.68 1:8.9 1:3.9
Bell Atlantic 1:4.13 1:4.13 1: 15.80 1:15.80
NYNEX 1:10.94 excluded 1:27.74 excluded
Pacific Bell 1:4.67 1:4.67 1:8.70 1:8.70
US West 1:5.33 1:5.33 1:10.60 1:10.60

Average ratio of costs 1:6.5* 1:4.95* 11:15.13* 11:10•5*
'"Averages may differ due to rounding.
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